mole of glycerol, and the decrease in absorbance at 340 nm is thus proportional to the concentration of glycerol, both released from triglycerides and endogenously present.
We evaluated the reagent systems according to previous recommendations (3) (4) (5) ; analyses were carried out both manually and on a centrifugal analyzer.
Materials and Methods

Calbiochem
Enzymatic Cholesterol and Triglycerides S.V.R. kits (Calbiochem, La Jolla, Calif. 92037) were obtained from Calbiochem (Aust. Pty. Ltd., P.O. Box 71, Adelaide, South Australia 5000).
Manual analyses were carried out as described by the kit manufacturer.
Absorbances were measured with a Model 300T-1 spectrophotometer (Gilford Instrument Labs. Inc., Oberlin, Ohio 44074); absorbance accuracy at 340 and 550 nm was checked daily by use of a Gilford Model 1220 calibration standard. Positive-displacement pipettes dispensing 20 and 50 il of sample for manual cholesterol and triglycerides analyses were calibrated and found to deliver within 1% of their nominal volume.
Cholesterol analyses did not include sample-plus-saline blank correction for sample color. Any experiment in which a sample plus saline blank correction was performed is clearly indicated.
In the triglyceride assay, incubation of sample with the reagent system results in the rapid oxidation of NADH to NAD proportional to the original concentration of triglycerides. The resulting decrease in absorbance at 340 nm is masked by the absorbance component of the sample itself. This component, although overlooked by Calbiochem, is significant, and must be measured to prevent underestimation of results. As some samples clear during reaction, blank correction is most accurately performed by adding excess glycerol (10 l of 12.6 g glycerol/liter) to reaction mixtures after postincubation absorbances have been read. All remaining NAI)H is rapidly converted to NAD+. The sample absorbance component can be readily calculated by comparing the residual absorbance with a reagent blank treated similarly. This calculated correction for sample absorbance present after reaction was added to the result obtained by the kit method to obtain the manual corrected result.
Cholesterol was measured with a CentrifiChem System 400 analyzer (Union Carbide Corp., Tarrytown, N.Y. 10591) as recommended by the kit manufacturer. Aliquots of a frozen pooled serum which had a value of 3060mg of cholesterol per liter assigned by the comparison method were used for standardization.
Analysis of triglycerides
were measured with a CentrifiChem System 400 analyzer by the 10-mm end-point method Table 1 ). The sera was stored in aliquots at -20 #{176}C and thawed as required.
Results and Discussion
Cholesterol.
A CDC "standardized laboratory" must analyze the low, medium, and high pools used in this study with standard deviations (SD) 80 mg/liter. These criteria were fulfilled for analyses performed both manually and with the CentrifiChem under optimum conditions of variance, but we consider it debatable whether similar precision could be achieved on CentrifiChem under routine conditions of variance.
Triglyceride.
A CDC "standardized laboratory" must analyze the low, medium, and high pools used in this study with SD 70, 80, and 100 mg/liter, respectively. The manual corrected triglycerides method evidenced unacceptable precision at high and acceptable precision at low and medium concentrations of triglycerides. We consider that this was partly because (a) a small change in absorbance represented a large sample concentration of triglycerides; a decrease in absorbance from 1.500 to 1.442 (i.e., 0.058 unit) was equivalent to 500 mg triglycerides/liter; and (b) accuracy could only be achieved by use of a blank correction, and this required an additional absorbance measurement.
Analyses
on CentrifiChem showed good precision at all concentrations studied and the performance fulfilled the CDC criteria. A recent report suggests that a coefficient of variation of 13% is the current analytical goal for analyses of triglycerides (8). With use of the CentrifiChem, this goal was met for all concentrations of triglycerides; with the manual corrected method this goal was met except at low triglyceride concentrations. We think both techniques have acceptable precision for routine clinical purposes.
Linearity
Cholesterol.
Linearity was studied by duplicate analysis of a series of five saline dilutions of a serum containing 5000 mg of cholesterol per liter and by duplicate analysis of a series of six sera prepared by mixing aliquots of two sera with 4810 and 1270 mg of cholesterol per liter. We confirmed that the method, either performed manually or with the CentrifiChem, was linear up to at least 5000 mg of cholesterol per liter.
Triglycerides.
Linearity was studied by duplicate analysis of a series of five dilutions with saline of a serum with 5000 mg of triglycerides 
Accuracy
Cholesterol.
Sera from 100 patients, within and outside the reference range, were analyzed by the comparison method and by the enzymatic method performed manually and with the CentrifiChem to yield the data shown in Figure 1 
Triglycerides.
When triglycerides analysis was done as recommended by the kit method, regression analysis of results of assays of 100 patient samples by kit and by the continuous-flow methods yielded the data:
Manual triglycerides = (0.87 X continuous-flow) -122
We considered this poor correlation to be unacceptable, especially as the agreement between the pairs of results was poor (SD of differences = 293mg of triglycerides per liter) and certain samples gave negative results by the manual technique. We further evaluated the kit, using the correction for sample absorbance present after reaction. The results obtained by the manual corrected method and the analyzer method for 100 patients' samples, encompassing samples within and outside the reference range, were compared with 
Analysis of Reference Materials
Two reference materials obtained from CDC were analyzed by the enzymatic method performed manually and with the CentrifiChem; carefully thawed samples of each material were analyzed in duplicate in 10 different analytical batches ( Table   2) .
Cholesterol.
The method performed in both ways fulfilled the CDC criteria regarding accuracy. When manual blankcorrected assays were performed, the results were significantly lower, confirming that blank analysis should not be performed routinely.
Triglycerides.
The results found for the low serum performed manually and with the analyzer were acceptable, but results obtained for the high-concentration serum were outside the limits prescribed for a CDC standardized laboratory.
A series of six sera was made up by mixing aliquots of Calbiochem Lipid Mix-Pack quality-control sera; duplicate analyses were performed manually and with the analyzer ( We studied the effects of lipemia, hemolysis, and icterus by duplicate analysis of a series of six dilutions of each of a very turbid lipemic serum (2200 mg of triglycerides per liter), a hemolyzed serum (37 g of hemoglobin per liter), and an icteric serum (208 mg of bilirubin per liter) with aliquots of a pool of normal serum.
Cholesterol.
Lipemia interfered negligibly with the enzymatic method performed either manually or with the analyzer. We confirmed the findings of Pesce and Bodourin (9) that the turbidity of the sample plus reagent decreased during the reaction. Use of serum-in-saline blank correction causes results to be low, as the turbidity of the sample-plus-saline blank does not reproduce the turbidity present in a sample after reaction. This finding explains the low results found with the CDC samples and the quality-control sera when blank correction was used; these samples had significant When 50 il of a 3000 mg/liter cholesterol standard in isopropanol was reacted with the reagent plus hemolysate, the visible spectrum ( Figure 5 ) showed that the hemoglobin present in the reaction mixture had been oxidized to methemoglobin.
We demonstrated that this oxidation was indeed caused by the hydrogen peroxide generated in vitro by adding an appropriate amount of hydrogen peroxide to a solution of the hemolysate in phosphate buffer at pH 7.3, causing formation of methemoglobin.
Thus, negligible optical interference is caused by hemoglobin, and use of a sample-plus-saline blank with unoxidized negative hemoglobin present caused low results by blank overcorrection.
Icterus caused negative interferences of 0.8, 2.6, and 1.1 mg of cholesterol per liter per milligram of bilirubin per liter with the method performed manually, manual blank-corrected, and with the analyzer, respectively. This interference is caused by chemical interaction of bilirubin with the reagent system to form a colorless product (9). Use of a blank correction in the manual procedure again causes overcorrection because the bilirubin in the sample-plus-saline blank is not degraded as is the bilirubin present in the sample-plus-reagent system. Possible positive interferences caused by hemoglobin and icterus are minimized by chemical oxidation by hydrogen peroxide and this makes less hydrogen peroxide available for quantitative chromogen production; this is evidenced by the small negative interferences found.
Lipemia in the sample studied caused negligible interferences with the method, whether performed manually or with the analyzer, although positive interference was observed with certain lipemic samples analyzed with the 
Kinetics
Cholesterol.
We investigated the kinetics of the reaction by centrifugal analysis of patient and control sera, measuring the absorbances at fixed time intervals.
All reactions had reached near or total completion by 600s but we found no time interval during which cholesterol concentration could be accurately measured in a rate mode and a relation between reaction kinetics and factors such as lipemia, lyophilization, or freezing of sera. We concluded that kinetic analysis with use of this reagent system is not feasible.
Triglycerides. We studied the triglyceride reaction kinetics by monitoring absorbance at 340 nm on the CentrifiChem at 15-s intervals for 9 mm on a wide range of patient and control samples. For all samples, reaction was more than 95% complete after 6 mm. The reaction proceeded at a very fast rate during the first 2 mm; this may be the reason that the manufacturer does not recommend the use of an initial sampleplus-reagent absorbance measurement for the manual method to correctfor potential sample optical interference.
In general, accurate resultscan be calculated by using the absorbance increment between 30 and 90 s although thisincrement for normal concentrations issmall.
In the first 30 s of the reactionsome turbid and hemolysed samples exhibited marked clearing which considerably enhanced the absorbance change due to reaction in that period. The high CDC reference sample cleared to an extent corre- (e) small sample volume: 5 or 10 l vs. 500 tl.
The enzymatic method as used with the CentrifiChem had acceptable linearity and accuracy, but the precision was inferior to that shown by manual and continuous-flow methods. We consider that the method documented by the kit manufacturer is satisfactory for routine clinical needs. The use of "Hold Blank" mode on CentrifiChem is essential to minimize overcorrection of lipemia, hemolysis, and icterus, and a reaction time of 10 mm is mandatory.
The manual method has similar advantages to the analyzer method, except that the cost per test is about fourfold. We consider that the small volume required 
Triglycerides.
The method on CentrifiChem had acceptable linearity and accuracy for routine clinical use, but marginally high results were produced on a CDC reference sample with supranormal triglycerides concentration.
Because certain samples clear during the first 30 s of the reaction, end-point results may be inaccurate, especially when automatic blank correction is performed. We intend to examine in detail the feasibility of using a kinetic method, using absorbance increments between 30 and 90 s of reaction and would recommend increasing sample size from 5 to 10 l to produce larger changes in absorbance.
The manual method is relatively expensive. We would not recommend the method described by the manufacturer, as it produced significantly low results. Accurate results can be achieved by using the correction described, but the precision under optimal conditions of variance was such that we cannot recommend the routine laboratory use of this method.
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